
C. TCKHNOLOGIES
Power Solutions

1400 Union Meeting Road
Blue Bell, PA 19422

Phone: (215) 619-2700
Fax: (215) 619-7823

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555-0001

May 21, 2014

Subject: Reply to Notice of Nonconformances (4) and Unresolved Item (1) Report No.
99901385/2014-201

Chief,

This letter and attachments is C&D Technologies' Response to the NRC inspection at C&D's Blue
Bell, Pennsylvania location from March 3 to March 7, 2014 and the resultant NRC report of the
inspection, dated April 21, 2014.

Per the instructions in Report 99901385/2014-201 the Notice of C&D's root cause determinations
and corrective actions both completed and planned are in the attached C&D RS-1037 Corrective
Action Forms (CAR). For those corrective actions that have been completed, selected verification
documentation is also attached.

NRC Reference C&D Reference Additional Documentation

99901385/2014-201-01 RS-1037 14-14 None

99901385/2014-201-02 RS-1037 14-15 Qualification Report QR2-
07209

IEEE Code Review for
99901385/2014-201-03 RS-1037 14-16 NuCle Quaifon

Nuclear Qualification

99901385/2014-201-04 RS-1037 14-17 None

99901385/2014-201-05 RS-1037 14-18 None

C&D is committed to correcting the identified issues and believe the actions both planned and

implemented will prevent recurrence of the issues identified by the NRC.

Please contact me if you have any questions or would like additional information.

Sincerely,

Steve DiMauro
Quality Systems Manager
1400 Union Meeting Road
Blue Bell, PA 19422-0858 USA
484-294-6410

C-



Cc: Chief, Construction Electrical Vendor Branch,
Division of Construction Inspection and Operational Programs,
Office of New Reactors

C. Rheault, President and CEO
J. Miller, VP Operations
D. Anderson, VP General Counsel
R. Malley, VP Quality and Process Engineering
J. Anderson, VP, New Technology and Battery Design
D. Heimer, Director Product Development
L. Carson, Nuclear Product Manager



TECHNOLOGIES
Power Solutions Corrective / Preventive Action

Type of Action: Source of Action: NRC Inspection - March, 2014

Corrective Action Type of Request: NRC Inspection 99901385/2014-201

Corrective Action:RS-1037 14-14 Date Issued: April 23, 2014 Date parts B-D Due: 5-23-14

To: Steve DiMauro, RS-1037 14-14, URI 99901385/2014-201-01 From: Steve DiMauro

A) Deficiency/Non Conformity: Describe in detail the nature of the problem, list the facts, and indicate any applicable documents.
Note: include checksheet question #s - for standard references refer to the internal audit checksheet.
If multifaceted with multiple assignees, identify specific assignee for each nonconformance.

Descriptive Title - Part 21 Unanalyzed Deviations

The NRC identified that in evaluation report number, 2012-12, for Entergy (Palisades Nuclear Power Plant),
C&D failed to prepare and submit an interim report for an identified deviation potentially associated with a
substantial safety hazard (SSH) that could not be completed within 60 days of discovery. C&D was notified of
a deviation with misaligned separators on LCR-25 battery cells on February 16, 2012, entered a Part 21
evaluation on February 26, 2012, and closed the evaluation on March 5, 2012, documenting it was not a
defect. However, on March 6, 2012, C&D informed the customer that they did not meet specifications
regarding the amount that the separators overlap the edges of the plates and that a current path between two
adjacent plates can develop leading to discharged cells. Specifically, C&D noted they could not determine the
root cause, or if/when this issue would occur, until they received the batteries back from the customer. Based
on this inspection, C&D reopened a Part 21 evaluation and submitted an interim report to the NRC to address
this deficiency on March 28, 2014 (Agencywide Document Access and Management System (ADAMS)
Accession Number ML14094A012). In addition, C&D failed to evaluate deviations documented in the following
customer complaints to identify defects and failures to comply associated with SSHs as soon as practicable:

* COMP-2012-00163, dated August 31, 2012 - Exelon (Clinton Power Station) informed C&D that lead
flake/slag deposits were unacceptable and could become shortening risks. C&D marked this COMP as
not requiring a Part 21 evaluation despite noting in the COMP that the lead rundowns present a risk in
that they may cause shorts at some point if the lead rundowns and balled lead separate from the
straps.

" COMP-2012-00007, dated January 10, 2012 - South Carolina Electric & Gas (SCE&G) (Virgil C.
Summer Nuclear Station) identified foreign material on a cell of a new battery that was suspected to be
lead rundowns. C&D noted that lead rundown will not have an impact on performance at the current
location, but the pieces could move and come into contact with two adjacent plates. C&D
recommended that cell voltage be measured and visual inspections be conducted more frequently than
normal and that the cell should be replaced at the next scheduled outage. C&D documented this
COMP as not requiring a Part 21 evaluation in order to identify a reportable defect or failure to comply
that could create a SSH, were this issue to remain uncorrected.

* COMP-2013-00040, dated February 7, 2013 - XCEL Energy (Monticello Nuclear Generating Plant)
identified foreign material in the top of a battery cell. C&D provided a replacement battery, but
documented this COMP as not requiring a Part 21 evaluation in order to identify a reportable defect or
failure to comply that could create a SSH, were this issue to remain uncorrected.

* COMP-2013-00113, dated April 29, 2013 - PSEG (Salem Nuclear Generating Station) identified high
sediment for a KCR-21 battery. Salem performed regular maintenance to assure there were no
shortening of affected cells, and the cell was replaced; however, this COMP was documented as not
requiring a Part 21 evaluation in order to identify a reportable defect or failure to comply that could
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create a SSH, were this issue to remain uncorrected. Furthermore, the NRC inspectors identified
additional departures from technical requirements included in procurement documents regarding
battery qualification, documented in Section 2.b of this report, that were not identified as deviations nor
evaluated to identify defects and failures to comply associated with SSHs; and specifically, if the
batteries are qualified to perform their intended safety-function. In addition, the inspectors identified
misused terms in C&D's Part 21 procedure, A-14, such as, "Once the Discovery has been identified to
the Safety Committee; the Director of Quality shall (within five days of discovery) in conjunction with the
Director of Product Development assess if the defect requires engineering evaluation and if this
evaluation can be completed within 60 days." This is in conflict with A-14's definition of defect, "A
deviation in a basic component delivered to a purchaser for use in a facility or an activity subject to the
regulations in 10 CFR Part 21 if, on the basis of an evaluation, the deviation could create a substantial
safety hazard."

Conclusions

The NRC inspection team concluded that the unanalyzed deviations involving misaligned separators, battery
qualification, and lead slags/foreign material within the batteries, and C&D's failure to file an interim report in
accordance with Part 21 timelines, are an unresolved item pending C&D's evaluation of theses deviations
discussed in Section 1.b of the report details (Unresolved Item (URI) 99901385/2014-201-01).

B) Containment: response to contain the problem and prevent additional harm to customer from incident

1) As stated, an Interim Report for the Palisades issue identified above was issued on 3-28-2014. Part 21 evaluations
are ongoing for all issues identified during the NRC Inspection.

C) Determination of Root Cause: Before resolution, root cause needs to be identified

1) Determinations were made on a case-by-case basis as to the need to generate Part 21 evaluations for situations
which were detected during receipt and normal operating inspection activities. Personnel failed to formally initiate
procedure A-14 for those cases.

D) Corrective Action: Indicate the resolution plan and controls to prevent recurrence with responsibilities and target dates assigned.

1) The corrective actions for all of the issues identified in this URI are being addressed in CARs generated for NRC
Nonconformances 99901385/2014-201-03 and 99901385/2014-201-04. In addition, as stated in the response to
99901385/2014-201-04, regularly scheduled meetings are being conducted with Quality, Engineering, and Product
Management to evaluate and document potential 10CFR, Part 21 concerns.

2) A review of all iSight cases from 2009 to the present will be conducted to determine if any other cases exist which
could be unanalyzed deviations. The conclusion of the aforementioned analysis will be completed by September 30,
2014. Part 21 evaluations and applicable notifications will be conducted if any defect is identified.

E)aVeriiain Ceiiainsaeeto 
horrective Action Assignementation1

Sigatue o Maage:. -7X"A

Date Corrective Action Assigned: 5-19-2014 Signature of Manager: A~i7,~L.?k1aa~o[E) Verification: Verification statement of the corrective action implementation1 )

Actual Completion Date: Verified by:
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F) Disposition: Open

Closed by:

Date:

W-Y Indicate if review for I

Corrective / Preventive Action

Follow-up Date:

0 CFR Part 21 applicability is required (ref: C&D Standard Policy & Procedure A-14): Y or N
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Type of Action: Source of Action: NRC Inspection - March, 2014

Corrective Action Type of Request: NRC Inspection 99901385/2014-201

Corrective Action:RS-1037 14-15 Date Issued: April 23, 2014 Date parts B-D Due: 5-23-14

To: Jon Anderson, RS-1037 14-15, 99901385/2014-201-02 From: Steve DiMauro

A) Deficiency/Non Conformity: Describe in detail the nature of the problem, list the facts, and indicate any applicable documents.
Note: include checksheet question #s - for standard references refer to the internal audit checksheet.
If multifaceted with multiple assignees, identify specific assignee for each nonconformance.

Descriptive Title - Design Control

Criterion Ill, "Design Control," of Appendix B to Title 10 of the Code of Federal Regulations (10 CFR) Part 50
states, in part, that "Where a test program is used to verify the adequacy of a specific design feature in lieu of
other verifying or checking processes, it shall include suitable qualifications testing of a prototype unit under
the most adverse design conditions." Section 8.2, "Aging Procedure," states, in part, that naturally aged cells
[operated cells] may be used for qualification testing or accelerated aging of the entire cell [by procedure].

Contrary to the above, C&D failed to provide documentation to show that the LCR-21 batteries on customer
order 2393760 were qualified under the most adverse conditions in accordance with purchase order (PO)
specification IEEE 535-1979. Specifically, C&D referenced a previous type testing report to bound battery
qualification for this customer order; however, the referenced qualification report was not performed in
accordance with IEEE 535-1979 with respect to properly aging the batteries to provide assurance that the
batteries are capable of performing before, during, and after a seismic event.

B) Containment: response to contain the problem and prevent additional harm to customer from incident

1) None with the exception of generation of this CAR.

C) Determination of Root Cause: Before resolution, root cause needs to be identified

1) The Qualification Report (QR 207209) referenced in customer order 2393760 erroneously is missing the reference to
aging duration of the LC-21 cell type in Table 2 on page 8, however on Page 25 of the report, paragraph 2, the
report clearly states that " . . . Nuclear Environmental Qualification Report No. QR-1-72042, dated 7 Feb 83,and
already in your possession, shows that LC cells thermally aged per the requirements of IEEE-535-1979 to an
equivalent life of 20 years of normal service, are capable of exceeding the environmental requirements of the
Arkansas Nuclear One Power Plant."

The format of the report with relevant information scattered in various sections can make it difficult to draw
conclusions regarding product qualification and engineering bounding.
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D) Corrective Action: Indicate the resolution plan and controls to prevent recurrence with responsibilities and target dates assigned.

1) C&D Engineering completed a review of Qualification Report QR2-07209 and determined that no issues exist
which would compromise the seismic qualification of the LC-21 batteries. However, Engineering will conduct an
evaluation of applicable documents and create a cross-reference document which corrects any unclear
references and clearly explains the conclusion of the acceptability of the qualification testing for the LCR-21
batteries. This action should be completed by August 31, 2014.

Date Corrective Action Assigned: 5--2014in Signature of Manager 47• * UA-0

E) Verification: Verification statement of the corrective action implementation

Actual Completion Date: Verified by:

F) Disposition: Open

Closed by:
Date: Follow-up Date:

H Indicate if review for 10 CFR Part 21 applicability is required (ref: C&D Standard Policy & Procedure A-14): Y or N
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Type of Action: Source of Action: NRC Inspection - March, 2014

Corrective Action Type of Request: NRC Inspection 99901385/2014-201

Corrective Action:RS-1037 14-16 Datc Issued: April 23, 2014 Date parts B-D Due: 5-23-14

To: Jon Anderson, RS-1037 14-16, 9990138512014-201-03 From: Steve DiMauro

A) DeficiencylNon Conformity: Describe in detail the nature of the problem, list the facts, and indicate any applicable documents.
Note: include checksheet question #s - for standard references refer to the internal audit checksheet.
If multifaceted with multiple assignees, identify specific assignee for each nonconformance.

Descriptive Title - Design Control

Criterion Ill, "Design Control," of Appendix B to 10 CFR Part 50 states, in part, that, measures should be
established to assure that "...appropriate quality standards are specified and included in design documents
and that deviations from such standards are controlled. Measures shall also be established for the selection
and review for suitability of application of materials, parts, equipment, and processes that are essential to the
safety-related functions of the structures, systems and components." Contrary to the above, C&D failed to take
measures to review for suitability that ensures that original type testing performed for K-line batteries envelop
customer qualification requirements.

C&D's failure to adequately demonstrate that original type testing performed for K-line batteries envelop
current customer qualification requirements is documented by the following examples:

* PO 00472405 from Exelon (Braidwood Station and Byron Station) required batteries to be qualified to
IEEE 535-2006, IEEE 344-2004, and IEEE 450-2002. C&D created a qualification report to show how
batteries supplied by PO 00472405 were bounded by the original K-line batteries type testing that was
performed in 1977, that utilized IEEE 535 draft version 8, IEEE 344-1975, and IEEE 450-1975.
However, C&D failed to provide any documentation to show how the differences between the IEEE
versions required by the PO and original K-type testing were evaluated and/or dispositioned with the
customer within the qualification report.

* C&D failed to provide documentation to show a qualification report existed for PO 00501212, Revision
3, to Exelon (Clinton Power Station). Specifically, C&D failed to provide documentation to show that
batteries supplied via this PO are qualified and bounded to the original type testing document.

B) Containment: response to contain the problem and prevent additional harm to customer from incident

1) None with the exception of generation of this CAR.

C) Determination of Root Cause: Before resolution, root cause needs to be identified

1) Because of the age of the qualification report (published in 1984) for PO 00501212, C&D was not able to locate it at
the time of the NRC Inspection. Since that time, the qualification report has been located.

2) Through our leadership and participation in the IEEE Working Group that developed IEEE 535, C&D was aware of
the changes to the applicable standards, but because the changes to the standards did not impact the qualification
report it had not been updated to reflect those changes.

RS-1037 Page I of 2 Rev. 13 January 2010



PowI SOtoES
Power Solutions Corrective / Preventive Action

D) Corrective Action: Indicate the resolution plan and controls to prevent recurrence with responsibilities and target dates assigned.

1) C&D Engineering developed a formal cross-reference document which bridges the various standard revisions and
the original K-type testing with regards to customer requirements. The document shows that the changes to the
applicable IEEE standards had no impact on the qualification of the batteries. This cross-reference document will be
updated as changes to the applicable standards are revised. The result of the review determined that C&D is
compliant to all of the relevant standards.

2) A procedure will be developed to ensure that as the applicable IEEE standards are revised, the qualification is
reviewed and the cross-reference document updated to reflect that review. This action should be completed by
7-31-2014.

Date Corrective Action Assigned: 5-19-2014
Sigatreof.ang..- A ! tDate Corrective Action Assigned: 5-19-2014 Signature of Manager:

E) Verification: Verification statement of the corrective action implementation

1)

Actual Completion Date: Verified by:

F) Disposition: Open

Closed by:

Date: Follow-up Date:

-I Indicate if review for 10 CFR Part 21 applicability is required (ref. C&D Standard Policy & Procedure A-14): Y or N
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Type of Action: Source of Action: NRC Inspection - March, 2014

Corrective Action Type of Request: NRC Inspection 99901385/2014-201

Corrective Action:RS-1037 14-17 Date Issued: April 23, 2014 Date parts B-D Due: 5-23-14

To: Steve DiMauro, RS-1037 14-17, 99901385/2014-201-04 From: Steve DiMauro

A) Deficiency/Non Conformity: Describe in detail the nature of the problem, list the facts, and indicate any applicable documents.
Note: include checksheet question #s - for standard references refer to the internal audit checksheet.
If multifaceted with multiple assignees, identify specific assignee for each nonconformance.

Descriptive Title - Corrective Action

Criterion XVI, "Corrective Action," of Appendix B, "Quality Assurance Criteria for Nuclear Power Plants and
Fuel Reprocessing Plants," to 10 CFR Part 50, "Domestic Licensing of Production and Utilization Facilities,"
states that "Measures shall be established to assure that conditions adverse to quality, such as failures,
malfunctions, deficiencies, deviations, defective material and equipment, and nonconformances are promptly
identified and corrected. In the case of significant conditions adverse to quality, the measures shall assure that
the cause of the condition is determined and corrective action taken to preclude repetition. The identification of
the significant condition adverse to quality, the cause of the condition, and the corrective action taken shall be
documented and reported to appropriate levels of management." BB-QOP 8.5.2, Corrective Action, dated May
11, 2011, states, in part, that the purpose of this procedure is to define the corrective action requirements to
assure that measures are established to assure that conditions adverse to quality are promptly identified and
corrected.

Contrary to the above, as of March 3, 2014, C&D failed to assure conditions adverse to quality are identified
and corrected.

C&D's corrective action program failure is documented by the following examples:
" The NRC inspection team found that the corrective actions (CA) generated to address previous

violations and nonconformances identified in NRC inspection report 99901385/2009-201 were
insufficient to correct the identified problems. Specifically, C&D CA report 09-049 and 09-050 were
initiated to resolve violations 99901385/2009-201-01 and 99901385/2009-201-02. Violation
99901385/2009-201-01 was cited for an inadequate procedure due to the failure to adequately
prescribe the process to perform an evaluation and meet timeliness requirements as specified in Part
21. The first example of Violation 99901385/2009-201-02 was cited due to the failure to perform an
evaluation within the time requirements specified in Part 21. The second example of Violation
99901385/2009-201-02 was cited due to failure to perform an evaluation. During this inspection, the
NRC inspectors found multiple examples where 10 CFR Part 21 evaluations were not being completed
for deviations; that C&D did not file an interim report in accordance with Part 21 timelines; and, misuse
of Part 21 terms within the Part 21 procedure. Based on these examples, the NRC inspectors found CA
reports 09-049 and 09-050 inadequate to correct the deficiencies identified in violations
99901385/2009-201-01 and 99901385/2009-201-02; therefor, these violations are still open.

* C&D CA report 09-054 was initiated to resolve Nonconformance 99901385/2009-201-03 for C&D's
failure to identify the root causes for quality problems and prevent their recurrence. C&D stated in their
response to the NRC on November 30, 2009, (ADAMS Accession Number ML093360523) that
"dedication activities were reviewed, specifically with regard to identifying equipment and calibration
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facilities. No other vendors who should be on the list, but are not, have been identified." However, the
C&D Attica facility had not completed the extent of condition for calibration service providers using
A2LA certificates; therefore, Nonconformance 99901385/2009-201-03 is still open.

* C&D CA report 09-51 was initiated to resolve Nonconformance 99901385/2009-201-04 for C&D's
failure to provide an engineering justification for down-grading a battery cover's safety-related function.
The CA report was closed on August 8, 2010; however, C&D was not able to provide an engineering
change notice (ECN) for down-grading the battery cover's safety-related function. The inspectors found
CA report 09-51 inadequate to correct this condition adverse to quality identified by the NRC in 2009.
Nonconformance 99901385/2009-201-04 is still open.

* CA report 14-06 was initiated on January 8, 2014, when Nuclear Procurement Issues Committee
(NUPIC) identified a failure to enter a customer complaint into the customer complaint database.
Specifically, it dealt with a conformance/compliance incorrectly certified to IEEE 383-1974. The
corrective action included a procedural change to the customer complaint procedure. Specifically, BI-
WI-8.2.1-2, "Customer Complaints," Revision 7, now states, "the product manager has the latitude to
determine those situations which may not warrant entry as a customer complaint... examples include
documents that can be re-submitted to the customer within the same day due to typographical errors
and other situations in which the customer is not delayed or inconvenienced by the issue." C&D
responded to a NUPIC finding of not entering a condition adverse to quality into their CA process by
allowing even greater latitude to enter items into their CA process. In addition, not entering situations in
which the customer is not delayed or inconvenienced by the issue will bypasses C&D's corrective
action process described in step 4.1 to determine corrective/preventative actions and to review
corrective actions for effectiveness. In addition, if same day deficiencies are corrected and not entered
into the customer complaint, corrective action, or Part 21 process, they will not be screened for Part 21
applicability. The inspectors found CA report 14-06 inadequate to correct this condition adverse to
quality.

B) Containment: response to contain the problem and prevent additional harm to customer from incident

1) Revision to WI-8.2.1-2, "Customer Complaints to provide for Part 21 evaluations in all cases of nuclear 1 E
applicability and generation of this CAR.

C) Determination of Root Cause: Before resolution, root cause needs to be identified

1) To address the concerns identified in 99901385/2009-201-01 and 99901385/2009-201-02, a procedure review was
conducted and revision 10 to A-14 was issued on 11-30-2010. In addition, a review was conducted on the incidents
identified by the NRC in 99901385/2009-201-02 and it was determined at that time that the actions completed
including the revision to A-14 were adequate to address the NRC's concerns.

2) With regards to 99901385/2009-201-03, the corrective action was completed as stated. The Attica facility's not
completing the extent of condition for calibration suppliers using A2LA is an unrelated issue identified during the
recent NUPIC audit of C&D. Since the 2014 NRC Inspection of C&D, the extent of condition of A2LA calibration
suppliers has been completed with no issues identified.

3) Further review of the NRC finding by C&D shows that covers remain a dedicated component of the battery
(Reference BB-QOP-7.4.3 Rev 2, in effect at time of inspection). The cover was not downgraded to a non-safety
related component, however, critical characteristics of the cover have changed in accordance with BB-QOP-7.4.3 as
a result of engineering evaluations. These evaluations included the effects from failure that could occur due to a
component defect during a design basis event and the ability of our quality system to detect the defect prior to
shipment of the product. The results were used to create and modify dedication requirements for critical
characteristics of the components. In the case of the cover, the component was not downgraded, however,
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dimensional variables and lot homogeneity were identified as critical characteristics as non-conformance to
specifications could cause the battery jars to crack in service. These characteristics are included in dedication plans,
and the cover remains a safety-related component. Material identification and other characteristics present on
previous dedication plans were not found to be critical characteristics and were removed. As part of the failure mode
and effects analysis (FMEA), reasons why certain properties were not critical characteristics for safety-related
functions were not fully documented and were not available for review during the recent NRC inspection. These
reasons are being documented and attached for review. An engineering evaluation covering changes to the
dediction plan for battery covers will be available by 6-30-14.

4) The corrective action identified in response to NUPIC Finding #2 (C&D CAR 14-06) was intended to give latitude to
Product Management to make determinations on a case-by-case basis for those issues identified as administrative in
nature (e.g. typographical errors identified in supporting documentation which were deemed as having no impact on
product safety or Part 21 applicability).

D) Corrective Action: Indicate the resolution plan and controls to prevent recurrence with responsibilities and target dates assigned.

1) A review of A-14 was completed with input from the NRC Inspection Team to determine verbatim compliance
with 10CFR21 Reporting requirements. The procedure will be revised accordingly.

2) C&D feels that this item is unrelated to the original NRC concern namely 99901385/2009-201-03. Pending
information to the contrary from the NRC, no corrective action is planned at this time other than that already in
progress to address NUPIC Finding #2 (C&D CAR 14-06).

3) With regards tQ 99901385/2009-201-04, C&D will attempt to locate the supporting documentation to downgrade
the battery cover's safety-related function to non-safety. If unable to locate, an engineering evaluation/
justification will be completed. If necessary after the conclusion of the aforementioned records search and/or
evaluation, a Part 21 evaluation and applicable notifications will be conducted if a defect is identified.

4) Since the identification of the issue by the NRC Inspection Team, BI-WI-8.2.1-2, "Customer Complaints," has been
revised to require evaluations launching A-14 for a 10 CFR Part 21 evaluation for all complaints related to nuclear 1E
products. Additionally, regularly scheduled meetings are being conducted with Quality, Engineering, and Product
Management to evaluate and document potential 10CFR, Part 21 concerns. A-14 will be revised to document this
process enhancement.

All corrective actions should be complete by 8-30-2014.

Signature of Manager. §7V04-16Date Corrective Action Assigned: 4-30-2014

E) Verification: Verification statement of the corrective action implementation

1)

Actual Completion Date: Verified by:

F) Disposition: Open

Closed by:

Date: Follow-up Date:

ELI1 Indicate if review for 10 CFR Part 21 applicability is required (ref: C&D Standard Policy & Procedure A-14): Y or N
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Type of Action: Source of Action: NRC Inspection - March, 2014

Corrective Action Type of Request: NRC Inspection 99901385/2014-201

Corrective Action:RS-1037 14-18 Date Issued: April 23, 2014 Date parts B-D Due: 5-23-14

To: Steve DiMauro, RS-1037 14-18, 99901385/2014-201-05 From: Steve DiMauro

A) Deficiency/Non Conformity: Describe in detail the nature of the problem, list the facts, and indicate any applicable documents.
Note: include checksheet question #s - for standard references refer to the internal audit checksheet.
If multifaceted with multiple assignees, identify specific assignee for each nonconformance.

Descriptive Title - Nonconforming Materials, Parts or Components

Criterion XV, "Nonconforming Materials, Parts or Components," of Appendix B to 10 CFR Part 50 states, in part, that
"Measures shall be established to control materials, parts, or components which do not conform to requirements in order
to prevent their inadvertent use or installation... Nonconforming items shall be reviewed and accepted, rejected, repaired
or reworked in accordance with documented procedures." AQOP 8.3, "Control of Nonconforming Product," states that,
"This procedure applies to all discrepant material, purchased and/or manufactured, at the C&D Technologies Attica
Facility, and includes the identification, containment, documentation, disposition, and handling of raw material, completed
components or finished parts and assemblies which do not conform to the specifications, drawings or fitness-for-use-
criteria... Records of the nature of nonconformities and any subsequent actions taken, including concessions obtained,
are maintained as describe above and as referenced in AQOP-4.2.4 [Control of Records]."

BB-QOP-7.4.3, "Commercial Grade Dedication," step 4.1.9 states, in part, that, "[i]f some of the dedication test results are
outside of acceptable ranges, the Leola lab manager or the site QC manager shall arrange for segregation of item
inventory, report the nonconformance, submit the results to the Director of Engineering & Quality for disposition, and shall
initiate corrective action with the supplier as appropriate." Contrary to the above, as of March 3, 2014, C&D failed to
review nonconforming items in accordance with documented procedures.

* C&D failed to accept a nonconforming condition for a critical characteristic, dimensions, for washer hardware in
dedication plan 084/PH00907, in accordance with documented procedures. Specifically, the inspectors noted that
the outer diameter for sample 5 to be minimally outside of tolerance. C&D accepted the critical characteristic as-is
and failed to properly justify acceptance of the nonconforming condition in the dedication plan and enter this into
their nonconformance process in accordance with AQOP-8.3, BB-QOP-7.4.3, and Criterion XV of Appendix B.
C&D entered the issue into their corrective action program as CA report 14-8 dated March 6, 2014.

* C&D failed to accept a nonconforming condition for a critical characteristic, lot homogeneity, for battery containers
in customer order 2393760, as required by Dedication Plan 077/PZ00651, Revision 12, dated February 22, 2011.
Specifically, according to the sampling plan C&D utilized, 16 samples were needed to verify homogeneity for the
lot size; however, C&D's documentation showed 2 of the 16 test samples to be from an unknown mold number.
C&D accepted the critical characteristic and failed to properly justify acceptance of the nonconforming condition in
the dedication plan and enter this into their nonconformance process in accordance with AQOP-8.3, BB-QOP-
7.4.3, and Criterion XV of Appendix B.

* Material test laboratory report for work request no. 12-11-09-2 identified a nonconforming part, washers
PH01 340, lot E-17-1. An informal disposition was stamped on the report itself; however, C&D failed to enter this
into their nonconformance process in accordance with AQOP-8.3 and Criterion XV of Appendix B.

* Material test laboratory report for work request no. 12-04-25-3 documents that PB00335 bolt, lot #37447, does
not conform to the applicable C&D dedication plan requirements. The bolt exceeded the tensile strength
requirement of 100-150 kilopounds per square inch (ksi) with a ksi of 155. An e-mail dispositioned that the bolts
were okay to use via an engineering manager; however, C&D failed to enter this nonconformance into their
nonconformance process in accordance with AQOP-8.3, BB-QOP-7.4.3, and Criterion XV of Appendix B.
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C==TECHNOLOGIESPower Solutions Corrective / Preventive Action

B) Containment: response to contain the problem and prevent additional harm to customer from incident

1) None except generation of this CAR.

C) Determination of Root Cause: Before resolution, root cause needs to be identified

1) Personnel failed to follow C&D procedures with regards to the identified nonconformances. In cases where
acceptance criteria tolerances were exceeded, the Manager of the Material Lab documented the condition via the
use of a stamp on the dedication package and forwarded the package to the Attica facility for disposition. In these
cases it was determined that the failure to meet the acceptance criteria was insignificant and would not affect the
outcome of the dedications. In those cases, determinations were made without Engineering involvement or
informally using emails versus following the C&D requirements delineated in AQOP 8.3 and BB-QOP-7.4.3 with
regards to the use of the nonconformance process.

D) Corrective Action: Indicate the resolution plan and controls to prevent recurrence with responsibilities and target dates assigned.

1) All applicable personnel will be trained in the requirements of AQOP 8.3 and BB-QOP-7.4.3 to ensure a thorough
understanding of the procedural requirements.

2) In addition, a review of all dedications completed since 2009 will be completed to identify those which were closed
without the generation of a nonconformance.

3) If necessary after the conclusion of the aforementioned records search and/or evaluation, a Part 21 evaluation
and applicable notifications will be conducted if a defect is identified.

All actions should be completed by 8-30-2014.

Date Corrective Action Assigned: 5-19-2014 Signature of Manager:s•. l,-V wO,

E) Verification: Verification statement of the corrective action implementation

1)

Actual Completion Date: Verified by:

F) Disposition: Open

Closed by:

Date: Follow-up Date:

-] Indicate if review for 10 CFR Part 21 applicability is required (ref: C&D Standard Policy & Procedure A-14): Y or N
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1.0 INTRODUOTION

This report presents the Nuclear Environmental Qualification
of 0 & D BATTERIES LO-21 station battery and two step battery
racks for the Arkansas One Unit Nuclear Power Station.

Qualification is provided in accordance with Arkansas Power &
Light Purchase Order No. 01013 requirements as well as the
guidelines set forth in IEEE Standards 525-1974, 344-1975
and 55-1979.

The basis for qualification is a review and analysis of
previous test data, including results from radiation testing,
thermal and natural aging, seismic tests, and battery capacity
tests..

An 4&JIED Company - 1
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2.0 DESOBIPTION OF EQUIPME1NT

The equipment qualified by this report are the LO-21 station
battery end two step battery rack for the Arkansas Nuclear One,
Unit 1 Power Station.

2.1 The LO-21 battery cell consists of pasted plates with
lead calcium alloy grids encased in a vented container
consisting of a self-extinguishing polystyrene cover
sealed to a flame retardant styrene-acrylonitrile jar.
The electrolyte is sulfuric acid and water solution
with a nominal fully charged specific gravity of
1.215 + .010 at 770F.

2.2 The two step battery rack consists of support frames
of welded angle construction, insulated cell support
and restraining rails of 12 ga. power strut, and'flat
cross braces. Components are coated with acid resistant,
flame retardant and fungi-inert -1161 grey epoxy.

2.5 The battery and racks are described in detail in 0 & D
BATTERIES Drawing Nes. K-5629-1 and 1-8536 which appear
in Figures 2.1 and 2.2.

2.4 The LO-21 batteries and two step battery racks must be
installed and operatied in accordance with the require-
ments set forth in 0 & D BATTERIES Section 12-800,
"Stationary Battery Installation and Operating Instructions",
and IEEE Std 434-1981.

2.5- Periodic maintenance and testing shall meet:the require-
ments of IEEE Std 450-1980.

An &LUED Company - 2 -
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3.0 PERFORMANOE REQUIREM4ENTS

3.1 The battery, when installed and maintained in accord-
ance with the guidelines set forth in C & D BATTERIES
Installation and Operating Instructions, and IEEE
Standards 450-1980 and 484-1981, shall remain functional
for a period of 20 years from the date of shipment.

The battery shall, at any time during its qualified
life, be capable of supplying the specified design
loads without the voltage at the battery terminals
falling below 1.81 average volts per cell while
experiencing any single or combination of the following
environmental conditions.
a. Ambient temperature range of +77 0 F to +95°F and

an annual average temperature of 480OF or less.

b. Relative humidity from 0 to 10CF/.

c. Total integrated radiation dose of I x 104 rads.

4. Seismic events of thý specified intensities.

5.2 The battery racks shall be capable of supporting the
battery cells and their interconnecting devices without
damage, end shall maintain structural integrity and
support function throughout the life of the battery,
and during or following speciifed Operating Basis or
Design Basis Earthquakes.

An ULIED Company -5 -
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4.0 ENVIRONMENTAL QUALIFIOATION

4.1 Radiation

If the total integrated dosage over the life of the
equipment does not exceed 101 rads, IEEE Std 535-1979
stipulates that no radiation exposure is required for
qualification. This is because no battery or rack
component is adversely affected by radiation at equal
or lower values. Supporting evidence, from NATIONAL
TEOHNIOAL INFORMATION SERVICES' Radiation Effects on
Materials, is given In TABLE 1 a- l Tsts non-m-n-M- l~c
components employed for battery cells and battery racks
along with the radiation dosage they are capable of
withstanding (the radiation damage threshold) without
compromising the design properties of the materials.

Since all damago threshold levels are substantially
greater than 10 rads, no additional device or com-
ponent testing is required.

COMIPONENT

Cell Jar

Coll Cover

MATERIAL

Styrene-aorylonitrile

Polystyrene

Flame Arrestor Polystyrene

Element Spacer Styrene-butadiene

RADIATION
DA)JAGE
?IIREgSMOLD

I l8

lx lO8

lx lOd
x10"

I .106

1 x 1o6
I . 106'

x 107

Ix108

DOSE£ OAIJSIIOG
81011 IPIOANT
DAVAO&
(reds) .

I . 19 .
4 x 109

4 x 109

1 x 107

1 X 0

1 x lO1

lX 109

SX 109

Plate Separator

Back Rail Cover

Tie Rod Oover

Cell Spaoer

Nlatural Rubber, or

Polyester Fiber ReinPorced
Sheet@ Impregnated with
Phenol Vorraldehyde

Polyethylene

polyethylene

Polystyrene

TABLE 1

Radiation Effects on Battery
and Battery Rack Materials ...........

An !JLIED Company -6 -
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4.2 Electrical

Since battery capacity is increased at temperatures
above 77 0 F, and decreased at'.temperatures below this
value, the worse case condition for the battery to
deliver the specified design currents is at the min-
imum specified battery room ambient. This is not
specified and is presumed to be 77 0 F.

The battery must also be capable of supplying the
design loads throughout its qualified life, and
therefore must have adequate design margin so that
if capacity has degraded to 801 of the original
published ratings (end of battery service life),
the design loads will still be carried for the

_prescribed'time periods and:battery voltage will
still remain above specified minimun values. Battery
sizing calculations for both the "DO6" and D07" load
duty cycles are included in Attachment 1, and show
that the LO-21 battery has adequate margins to meet
these requirements.

For reference,
below.

BATTERY "D06"

Ampere Load

829
659
609
115
37

187

the specified load duty cycles are given

BATTERY "D07"

Ampere Load
Time Period

Minutes

797
627
577
325
47

197

0

13
50

120
239

1

50
120
259
240

An 6ýIED Company -7 -
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4.5 Seismic

Seismic qualification is based on previous qualification
testing of various LO type battery cells. For the
purpose of this report we will compare existing seismio
test data for battery cell types listed in TABLE 2.

The construction and operating characteristics of the
tested cells are identical to the Arkansas fluclear One
batteries. Oomponent location and materials employ..
the same overall geometry to carry loads as the Arkansas
Nuclear One LO-21 battery. For a comparison of the
battery cell dimensions and construction features
between the Arkansas Nuclear One battery and the seismic-
ally tested models, refer to Figures 4.1, 4.2, 4.3 and
4.4.

JAR
CELL TYPE QTY CAPACITY RATE PATERTAL

4LOY-11 (1iaged) 1 30 AH 1 Hr SAZI
LC-15 (unaged) 2 1050 AH 8 Hr P0
LO-2 (unaged) 1800 AH 8 Hr PC
LOU-27 (6 yr naturally eged) 2 1950 Al 8 Hr $AIl
L0-29. (unaged) 2 1008 AH I Hr PC
u LO- j9 (unaged) 2 TO(0 Al I Hr W

C (25 yr naturally aged) 2 140 AH 8 Hr PCI

SAN - Stryene-acrylonltrile
•P0 - Polycarbonate

TABLE 2 Battery Cell Types
Seismically Tested

5eismic qualification of the battery rack is based
on previous tests and analysis conducted on a rack
identical in design and material as the Arkansas Nuclear
One battery racks. Figure 4.5 shows the two step test
rack and the mounted LO type cells as it existed for
simulated seismic testing.

An tLIED Company -8A-
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The Qualification Program as it. applies to this report
is discussed -in the following sections.

4.5..1- Oapacity Tests

The battery cells were subjected to capacity tests
prior to, and following the seismic tests. The
capacity tests were performed in accordance with the
applicable procedures described in IEEE Standard 450.

All unaged cello were at 100% rated capacity prior
to the start of the test program, and remained so
throughout.

All aged cells retained capacities greater than 8(11
throughout the test program.

Attachment 2 includes the pre-soismic and post seismic

capacity test results for each of the cell types tested.

4.5.2 Aging-(ref...TABLE 2)

The OT-1440 was a 25 year old (at the tilmeof,the seismic
test) cell that was manufactured in 1951 as part of a
60 cell lead calcuim battery. At that time the cells
were encased in hard rubber jars and had a nomenclature
ROT-1680 - rated 1680 ampere hours at the 8 hour rate
of discharge. The battery was purchased by the Bell
Telephone System and installed at their Pennypacker
Exchange Office, Philadelphia, PA as an emergency power
source, where the battery operated for 17 trouble-free
years.

In 1968, when the Exchange was being enlarged, the
battery was re-aquired by C & D BATTERIES. It was
stored for one year until the Plymouth Meeting Head-
quarters Building was completed and, in the Spring of
1970, it was installed there for use as an emergency
lighting system.

An AUIED Company - M -
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For the purpose of this test and for future visual
observation, the elements of two cells were removed.
from their original containers and placed in plastic
jars with plastic covers and a bottom plate support
system similar to that employed in currently produced
cells. In order to facilitate the jar transfer, two
positive plates and two negative plates were removed,
re-rating the cells from 1680.to 1440 ampere hours.

The 6 year old LOU-27 cells were returned to 0 & D
by Pacific Gas & Electric from their Diablo Canyon
Nuclear Power Plant for qualification to a revised
seismic spectrum. Data on these cells will not be
used to qualify the Arkansas Nuclear One batteries.

4.5.3 seismic Test Procedure

Sixteen cells, from the largest container to the
smallest, of various LO type batteries were mounted
in the normal manner and connected in series on a two
step battery rack. This battery and rack assembly
was then subjected to simulated seismic testing per
WYLE LABORATORIES Test Report No. 45450-1.

The test rack was bolted directly to the WYLE test
table at each bolting location in the rack foundation
using 1/2 inch SAE Grade 5 bolts. This procedure was
used for each test orientation. Photograph 1 shows
the test rack and cells as mounted on the test table.

One vertical and one horizontal control accelerometer
were mounted on the test table. TRS plots were taken
from these control accelerometers at the time of the
test for each test axis.

The battery rack and battery cells were instrumented
with uniaxial horizontal and vertical response accel-
erometers in various locations. The horizontal
accelerometers were oriented in the front-to-back
direction during FB/V testing and were oriented in
the side-to-side direction during SS/V testing.

An tUED Company - 15 -
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Photograph 1 Test Rack and LO Test Cells
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The battery cells were connected in series to a res-
istive load of approximately 20 amperes during all
phases of the seismic tests. The battery output voltage
and current were recorded on an oscillograph recorder
during the seismic test program. These monitoring
channels were used to determine electrical continuity,
current and voltage levels, and to detect any spurious
operation before, during, and after the test program.

Testing consisted of a low-level resonance search)i
followed by random multifrequency qualification tests
in each axis. Qualification tests in each axio included
five (5) Operating Basis Earthquake (OBE) tests prior
to one (1) Design Basis Earthquake (DBE) test.

A low-level (approximately 0.1 to 0.2 g horizontal
and vertical) biaxial sine sweep was performed to de-
termine natural frequencies of the equipment which
might result in large responses during multifrequency
testing. For each test orientation, the frequency
range of the sine sweep was from 1 Hz to 40 Hz at a
sweep rate of 1/2 octave per minute.

The test specimens were subjected to 50 second duration
simultaneous horizontal and vertical inputs of phase
incoherent random waveform motion consisting of frequency
bandwidths spaced I/3 octave apart over the frequency
range of I Hz to 40 Hz. For the second sequence of
tests, the test specimen was rotated 900 in the hori-
zontal plane. For each test orientation, a full com-
pliment of testing was performed, i.e., resonance searbh
test, 5 OBE tests, and 1 DBE test.

Attachment 5 contains the WYLE Transmissibility Plots,
Equipment List, and Seismic Test Procedure for this
Test Program.
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5.0 TEST RESULTS

The battery cells and the battery rack successfully completed
the simulated seismic test program. Test results and inspect-
ion showed that they possessed sufficient integrity to with-
stand, without compromise of structure or function, the seismic
test environment. The oscillograph records did not indicate
any spurious or improper operation or deviation in the output
voltage/current levels of the battery, either during or after
the seismic excitation.

Post-seismic capacity tests conducted on the battery cells
yielded capacities essentially identical to those recorded
prior to the seismic test program. Unaged cells retained
capacities of 100% or greater. The 25 year old naturally
aged cells delivered capacities over 80%.

Although this qualification program was not specifically
performed as a proof test for the Arkansas Nuclear One
batteries and battery racks, its applicability is demon-
strated due to the identical design of all LO type battery
cells and two step battery racks. The WYLE Test Response
Spectrum (TRS) envelops the Arkansas Nuclear One Required
Response Spectrum (RRS) in excess of 1c% at all test I..
frequencies. Figures 5.1 through 5.4 shows the OBE and
DBE horizontal and vertical WYLE TRS versus the Arkansas
Nuclear One RRS.

An !!ED Company - 18 -
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For The LC Type Oells and Rack
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6.0 O0NCLUSIONS

The 125 Volt LC-21 station battery is environmentally qual-
ified for a period of 20 years, when maintained in accordance
with recommended and approved procedures, for service in the
Arkansas Nuclear One, Unit One Nuclear Power Plant.

Previous seismic qualification testing of LO type battery
cells and two step battery rack demonstrated that they possess
sufficient integrity to withstand without compromise of
structure or function, the seismic environment of the
Arkansas Nuclear One Power Station.
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7.0 JUSTIFIOATIONS

7.1 Battery

The Arkansas Nuclear One LC-21 station battery is

qualified by similarity based on test data from WYLE

LABORATORIES Test Report No. 45450-1. This test
program included unaged and aged battery cells. TABLE
5 below shows the physical similarity of the plates of
all the test cells.

PLATE PLATE

NVMNOLATURE HEIGHT WIDTH THICKESS

0?T 13.25' 11.5" 0.266' (Pos.), 0.180n (No&.)

LO 15.00' 12.0' 0.312' (Pon.), 0.210" (Neg.)

LOY 15.00' 12.0' 0.250' (Pos.), 0.180' (Neg.)

TABLE 5 Plate Dimensions For
Oell Type OT, LC, LOY

All test cells were constructed with lead calcium
grids and employed identical construction materials

and features.

Oomparing the Arkansas Nuclear One LO-21 cells with

the naturally aged OT-1440 test cells is justified

because degradation (embrittlement) of the positive
plates is the predominant failure mode in lead acid
storage batteries, and since the float charging

current is proportional to rated positive plate
capacity - and life is proportional to plate thickness -

the corrosion rate of the plate grid structure will

be identical; and the OT-1 1140 and LO-21 batteries will
degrade at the same rate since both positive plates

are the same material and design.

- 24 -An •IJED Company
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The thickness of the OT positive plate is less than

that of the LO positive plate, therefore, the ability

of.a naturally aged CT-1440 battery to successfully
withstand a seismic test, demonstrates that a naturally

aged LO-21 battery would be able to withstand the same

seismic loads since the OT plates are in a mechanically

weaker condition.

Additionally Nuclear Environmental Qualification Report
No. QR-1-720'2, dated 7 Feb 85, and already in your

possession, shows that LO cells thermally aged per

the requirements of IEEE-555-1979 to an equivalent
life of 20 years of normal service, are capable of

exceeding the environmental requirements of the Arkansas

Nuclear One Power Plant.

7.2- Battery Rack

Qualification of the Arkansas Nuclear One battery racks

(Figure 2.2) is based on similarity to a representative

rack previously tested. TABLE 4 provides a comparison
of the tested rack and the Arkansas Nuclear One rack

for the LO-21 batteries.

Justification for testing a two-bay rack to qualify

a four-bay rack is accomplished by showing the structural

behavior of a two-bay model is similar to that of a
four-bay model. The results from two finite element

analyses from Reference 4 are compared to demonstrate

seismic equivalence between typical two-bay and five-bay

racks. The finite element analyses were performed

using the computer program STARDYNE. STARDYNE is a well

known, well documented proprietary computer program

widely accepted for this type of analysis by both industry

and the Nuclear Regulatory Oommission.

The results of the analyses compared are the equipment

natural frequencies and beam stresses from statically
applied I g seismic loads in each of the three directions.
These results are chosen for comparison because they

present the dynamic and structural response of the

mathimatical models. The complete results, with a

description of the analyses, are contained in Reference 4.
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TESTED
RAOK

ARKAMSAS NlUCLEAR ONE
RACK

LO-21OELL TYPE LO

LINEAR BATTERY
WFlGHT/INOH

(totl)
(between freames)

RESOA/IT PFREQUENCY
(front-to-baCk)
(side-to-side)

(vertical)

STEEL STRUCTURAL VEIBERS
(frame.)
(rails)

(crose brace.)
(end rail brackets

(tie rods)
(tie rod brackets)

(hardvare)

FRAkB SPAOING

27.92 lb/in
28.18 lb/in

27.99 lb/in
28.12 lb/in

15 Hz
12 Hz
28 Hz

13 Hz
12 Hz
28 Hz

3 x 3 x .19 in
1.6 x 1.6 x 12 ga
1.5 x .19 in •
.19 in Thick
.A1 - 18 UNO Thd
.19 in Thick

E4 Grade 5

32 in

5 x 3 x .19 in
1.6 x 1.6 x 12 ga
1.5 x .19 in
:25 in Thick
.1 - 18 UCO Thd

.19 in Thick
SAE Grade 5

32 in

TABLE 4 Comparison of Tested Rack and
Arkansas Nuclear One Rack for
10-2i Battery

Figures 7.1 and 7.2 present
of the two-bay and five-bay
natural frequencies closely
four-bay LO-21 battery rack
One Plant is judged to have
to the tested rack.

the natural frequencies
mathematical models. The
agree, and thus, the
for the Arkansas Nuclear
natural frequencies equal

TABLE 5 presents a comparison of the beam member
stresses. The three directions of seismic load were
combined by the SRSS method. No appreciable difference
in stress occurs between the two-bay model and the
flive-bay model. Each bay has identical bracing in
each direction. Additional bays provide their own
bracing. Test Response Spectra are shown to completely
envelope the Required Response Spectra, therefore the
two-bay rack is structurally adequate and represents
the behavior of a multi-bay rack.
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TWO-BAY FIVE-BAY

COMPONENT BEAM STRESS (PSI) BEAM STRESS (PSI)

Frame 48 34,068 102 33,179

Support Rail 99 3,883 249 3,861

Side Rail 104 9,453 260 9,620

Brace 131 6,061 314 4,957

TABLE 5 Oomparison of Member Stresses for
Two-bay and Five-bay Battery Rack
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7.5 Biaxial Testing

Seismic qualification of the L0-21 battery racks are
based on previous seismic test programs which used
biaxial seismic input. A series of biaxial tests
simulates simultaneous input in all three principal
directions if the test specimen has little or no cross
sensitivity ti input motion.

It has been demonstrated by the analyses in Reference 4
that there is a minimum of cross coupling effects in the
battery rack structure. The results of the analyses
contained in Figures 7.1 and 7.2 show the modal weights
in each principal direction for each mode. There is no

significant modal weight acting in more than one direct-
ion for any one mode shape. Therefore, in the frequency
range of interest, there is no significant cross coupling
of input motion for iether the two-bay or the multi-bay
rack models, and will be true for all two step seismic
racks models of identical design.

Since the battery racks have no cross sensitivity to
input motion, biaxial seismic testing is justified for
the racks.
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PHOTOGRAPH 2

LOCATIONS OF ACCELEROMETERS 1, 2, 3 AND 4
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PHOTOGRAPH 3

LOCATIONS OF ACCELEROMETERS 5 AND 6
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DATE: September 2, 1975
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SEISMIC TEST PLAN

FOR

BATTERY RACK
AND

BATTERIES

FOR

C&D BATTERIES
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TEST PROCEOURE NO.41/ 4 2 12/ES

MUYLAE PAGE NO. 2

SCIENTIFIC SERVICES AND SYSTEMS GROUP Revision A

1.0 MOUNTING

1.1 Specimen Orientation A

A Battery Rack and Batteries, as shown in Figure 1, hereinafter called
the specimen, will be placed on the Wyle Multiaxis Simulator Table. The
specimen will be oriented such that its longitudinal axis will be co-
linear with the longitudinal axis of the test table. For the second axis
of test, the specimen will be rotated 90 degrees in the horizontal plane
and the specified sequence of tests repeated.

1.2 Specimen Tie-Down

The mounting hole pattern in the base of the Battery Rack will be trans-
ferred to the test table. These holes will then be drilled in the test
table and the specimen will be attached using commercially-available bolts,
nuts and washers. A description of the mounting bolts will be included in
the test report. The tests will be conducted with the specimen sitting in
its actual gravitational orientation. The mounting will simulate as closely
as possible the actual in-service mounting.

2.0 EXCITATION

2.1 Simultaneous Biaxial Excitation

Each horizontal axis will be excited separately but each one will be excited
simultaneously with the vertical axis (longitudinal simultaneous with
vertical, then lateral simultaneous with vertical). The horizontal and
vertical input acceleration levels will be phase incoherent during the
multi-frequency tests.

2.2 Exploratory Search A

A low-level (approximately 0.2 g horizontally and 0.1 g vertically) biaxial
sine sweep from 1 Hz to 40 Hz will be performed to establish major resonances.The sweep rate will be one-half octave per minute.

2.3 Multi-Frequency Tests A

The specimen will be subjected to simultaneous horizontal and vertical input
of random motion consisting of frequencies spaced one-third octave apart
over the frequency range of 1 Hz to 40 Hz. The amplitude of each one-third
octave frequency will be independently adjusted in each axis until the Test
Response Spectra (TRS) envelope the Required Response Spectra (RRS). The
composite spectra as shown in Figures 2 and 3 will be used as the DBE RRS.

1
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TEST POCEDURE NO?41/ 4 2 12 /ES

VVVU WYI PAGE NO. 3
SCIENTFIC SERVICES AND SYSTEMS GROUP Revision

2.3.1 One-Half-Level DBE (OBE) Tests A

Five (5) one-half-level DBE (OBE) tests will be performed in each test axis
to simulate seismic aging. Duration of the one-half-level DBE (OBE) testswill be 30 sec nds. The one-half-level tests will be one-half the level ofIFigure 2.

2.3.2 DBE Tests A

One (1) DBE test will be performed in each test axis. Duration of the DBE
tests will be 30 seconds. The DBE RRS are shown in Figures 2 and 3.

3.0 INSTRUMENTATION

3.1 Excitation Control

Control accelerometers will be mounted on the table at locations near the
driving point for the horizontal and each vertical actuator. Additionally,
one vertically-oriented accelerometer will be located at the center of the)table for verification purposes.

3.2 Specimen Response

Six specimen-mounted uniaxial piezo-electric accelerometers will be located
on the specimen under test. The placement of the accelerometers will be at
the discretion of the C&D Batteries Technical Representative. An FM tape

1and oscillograph recorder will provide a record of each accelerometer
response. A response spectrum plot from each specimen response accelerometer
from the full-level test in each orientation will be analyzed at a damping
of 1%. Transmissibility plots of the exploratory search will be provided in
the test report.

3.3 Electrical Load

A 20 ampere resistive load will be provided for the Batteries prior to, during
and after the seismic test.

3.4 Electrical Monitoring

One channel of electrical monitoring for the specimen will be recorded on
an oscillograph recorder during the Seismic Simulation Test Program. This
channel will be used to monitor the nominal 32 VDC battery voltage.

3.5 Assembly and Disassembly of Specimen

The Battery Rack will be assembled by Wyle personnel and the Batteries
installed in the assembled rack for the test. Subsequent to completion
of tests, the Batteries and rack will be disassembled and packed for
shipment.

Form 104-2 Rev. 4n4
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TEST PROCEDURE NO541/ 4 212/ES

PAGE NO. 4
WYL LABORAIUR
SCIENTIFIC SERVICES AND SYSTEMS GROUP

4.0 IN-PROCESS INSPECTION

I
I
a

The records will be checked for equality of performance after each test.

The specimen will be examined for possible damage following all violent
tests such as at a severe structural resonance. A physical tightening of
hardware will be performed after such tests.

All important vibration effects will be logged.

Photographs will be taken of any noticeable physical damage that may
occur and of all mounted accelerometers.

REPORT

Ten copies of a certification-type report will be issued subsequent to com-
pletion of testing. This report will be signed by a Registered Professional
Engineer and will summarize the maximum g levels, natural frequencies,
response spectrum plots of the control and specimen accelerometers, details
and recommendations concerning deficiencies and repairs, photographs of test
setups, accelerometers, failures, etc. The report will also contain a list
of test equipment used, calibrations, and instrumentation log sheets.

i

I

A
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C&D "L" Cell Nuclear Qualification Justification

The following engineering analysis summary details the type testing completed by C&D Technologies and it's
applicability as justification for qualifying Class 1E batteries and racks per IEEE Std 535-1979, IEEE Std 535-1986,
and/or IEEE Std 535-2006. C&D completed type testing of their products prior to the official release of IEEE Std
535-1979 which was developed to provide specific methods and type test procedures for lead acid batteries in
adherence to IEEE Std 323-1974. All of the testing completed by C&D was conducted per IEEE Std 323-1974,
IEEE Std 344-1975, and IEEE Std 450-1975 specifications.

C&D Technologies has conducted a comprehensive review of all the code revisions that have been released to
IEEE standards 323,344, 450, and 535 since conducting their original qualification type testing in the 1970's. This
review was undertaken to identify what impact, if any, these revisions to the individual codes may have on
present day Class 1E qualifications or the type testing that was completed.

Original Qualification Background:

C&D Technologies originally conducted their nuclear qualification type testing to IEEE Stds 323-1974, 344-1975,
and a draft version (Draft 8) of IEEE Std 535 (pre-dated first issuance in 1979). All cell electrical testing was
completed per IEEE Std 450-1975. The primary "LC" model qualification testing was conducted under Wyle Labs
report number 43450-1 and later seismic supporting testing of additional artificially aged cells was conducted
under Wyle Labs report number 44467-1.

Wyle Labs test number 43450-1 included of a variety of "LC" cell models (see Table 1 below) including 25-year
old naturally aged cells as well as 20-year old artificially aged cells.

Table 1: "LC" Qualification Cells Wyle Test 43450-1

WGT LGT WIDTH HGT LINEAR 8 HR JAR
CELL TYPE AGED? QTY LBS IN. IN. IN. WT/IN. AMP-HR MATL

4LCY-11 No 1 450 15.00 14.13 22.75 30.00 680 SAN

LC-15 No 2 210 7.63 14.13 22.63 27.52 1050 PC

LC-21 20 Yr 2 270 8.88 14.13 22.63 30.40 1500 PC

LC-25 No 2 325 10.63 14.13 22.63 30.57 1800 SAN

LCU-27 No 2 341 10.63 14.13 22.63 32.08 1950 SAN

LC-29 No 2 367 13.19 14.13 22.63 27.82 2030 PC

LCY-39 No 2 438 13.19 14.13 22.63 33.21 2400 PC

CF-1440 25 Yr 2 320 13.19 14.13 22.63 24.26 1440 PC

Wyle Labs conducted the type testing per IEEE Stds 323-1974 and 344-1975. C&D conducted the electrical
testing per IEEE Std 450-1975.



Code Update IEEE Std 535-1979

C&D's type testing was carried out per the qualification procedures set forth in IEEE Std 535-1979 with two
minor deviations, but they do not invalidate the qualification of C&D's "LC" model cells. Justification of these
deviations is provided below.

(a) Section 8.3.1.1 (1), and 8.3.1.4 of IEEE-535 requires pre-seismic and post-seismic capacity tests be
performed at the cells' 3 hour discharge rate to 1.75 average volts per cell. The test cells from all the
qualification programs were tested at I hour and 8 hour rates. This test envelopes the requirement of
IEEE-535 because the 8 hour test exceeds the 3 hour test depth of discharge, and the one hour test
exceeds the discharge current of a 3 hour test. These tests stressed the cells' electrochemical efficiency,
or the conductivity of current carrying members to a greater extent than a 3-hour test. Alternatively,
IEEE Std 535-1979 (para 8.3.1.1 (1)) allows the discharge test performed after the aging portion of the
test to be substituted for the pre-seismic capacity test.

(b) Section 8.3.1.1 (2) of IEEE-535 requires a fixed discharge load during seismic testing of
approximately 2% of the battery's 3 hour discharge rate. However, the Standard also allows a higher

discharge current to be used. The load on the "LC" type test batteries was 20 amps which is greater
than 2% of the 3 hour rate for the largest "LC" cell employed in the test. The discharge rate of 20 amps
used during the seismic qualification exceeds the requirements of IEEE Std 535-1979.

Code Updates IEEE Std 535-1986

There were minimal changes made to IEEE Std 535-1979 in the 1986 release. Most of the changes involved

updating IEEE Std 323 references from 1974 to 1983 editions and IEEE Std 450 from 1975 to 1980 version. The
other significant changes were allowing individual components to be replaced during the aging procedures (para
8.2) and the specification of 50-100mV positive plate potentials (para 8.2.2) during artificial aging. C&D
adhered to the 50-100mV positive plate potentials during the aging of our original qualification cells and was
integral to the incorporation of this requirement, and the replacement of individual components clause, into the

1986 code revision.

Referenced within the IEEE Std 535-1986 code was IEEE Std 323-1983 and IEEE Std 450-1980. The changes
incorporated within IEEE Std 323-1983 were made to clarify its requirements and imposed no additional
requirements for qualifying Class 1E equipment. The changes incorporated into IEEE Std 450-1980 were also
minimal in their effect to our type testing. The changes were primarily related to correction factors and
determining battery capacity. C&D conducted all baseline, pre-seismic, and post-seismic testing in an identical
manner for the duration of the type test to accurately reflect any capacity losses. While IEEE Std 450 is
referenced within the IEEE Std 535 documents, it has no impact on the actual Class 1E qualification.



Code Undates IEEE Std 535-2006

There were minimal changes made to IEEE Std 535-1986 in the 2006 release. Most of the changes involved
updating IEEE Std 323 references from 1983 to 2003, IEEE Std 344 from 1975 to 2005, and IEEE Std 450 from
1980 to the 2002 version.

Several sections were slightly rewritten to add additional clarity but overall qualification requirements remained
unchanged. Some of the additional requirements that were added included:

* Sect 4: Inclusion of 1.25 aging factor per IEEE Std 485-1997 and requirement that each jar size must be
tested

* Sect 5.4 c): Added entire section regarding extension of qualified life (not applicable to C&D qualification
reports)

* Sect 8.2.2: Changed recommended discharge from 3h rate to 1.75vpc to 2h with allowance for 2-4h
discharge rate. However, para 8.3.1.1 (a) allows the discharge test performed after aging portion of test
to be substituted for pre-seismic capacity test. Once again, C&D tested at the lh and 8h rates which
envelope the requirements of this section.

Referenced within the IEEE Std 535-2006 code was IEEE Std 323-2003, IEEE 344-2004, and IEEE Std 450-2002.
The changes incorporated within IEEE Std 323-2003 that could impact battery and rack qualification included
elimination of the need for qualified life in mild environments for equipment with no significant aging
mechanisms, updated test margin values, and the elimination of radiation testing for mild environments. The
issue of margin incorporation is addressed within the individual Seismic and Environmental reports prepared for
each plant.

IEEE Std 535-2006 updates the reference of IEEE Std 344 from 1975 to 2005 (issue date, but code title is 2004).
The code revisions to IEEE Std 535 never included a reference to the IEEE Std 344 issued in 1987. Both the IEEE
Std 344-1987 and 2004 releases were developed to expand and clarify and did not include any additional
qualification requirements.

The changes incorporated into IEEE Std 450-2002 were also minimal in their effect to our type testing. The
changes were primarily related to correction factors and determining battery capacity. C&D conducted all
baseline, pre-seismic, and post-seismic testing in an identical manner for the duration of the type test to
accurately reflect any capacity losses. While IEEE Std 450 is referenced within the IEEE Std 535 documents, it
has no impact on the actual Class 1E qualification.

Summary

The original type testing completed in the 1970's is still valid, and directly applicable, as the basis of Class 1E
qualifications per any version of IEEE Std 535 for the years 1979 through 2006. Additionally, the code changes
implemented to IEEE Stds 323, 344, and 450 since the 1970's were made to increase the qualification options
and had no impact on the type testing previously conducted by C&D.

DWe Xefre't
Director, Product Development



C&D "K" Cell Nuclear Qualification Justification

The following engineering analysis summary details the type testing completed by C&D Technologies and it's
applicability as justification for qualifying Class 1E batteries and racks per IEEE Std 535-1979, IEEE Std 535-1986,
and/or IEEE Std 535-2006. C&D completed type testing of their products prior to the official release of IEEE Std
535-1979 which was developed to provide specific methods and type test procedures for lead acid batteries in
adherence to IEEE Std 323-1974. All of the testing completed by C&D was conducted per IEEE Std 323-1974,
IEEE Std 344-1975, and IEEE Std 450-1975 specifications.

C&D Technologies has conducted a comprehensive review of all the code revisions that have been released to
IEEE standards 323,344, 450, and 535 since conducting their original qualification type testing in the 1970's. This
review was undertaken to identify what impact, if any, these revisions to the individual codes may have on

present day Class 1E qualifications or the type testing that was completed.

Original Qualification Background:

C&D Technologies originally conducted their nuclear qualification type testing to IEEE Stds 323-1974, 344-1975,
and a draft version (Draft 8) of IEEE Std 535 (pre-dated first issuance in 1979). All cell electrical testing was
completed per IEEE Std 450-1975. The primary "KC" model qualification testing was conducted under Wyle Labs
report numbers 44466-1 and 43291-1.

Wyle Labs test report numbers 44466-1 and 43291-1 included of a variety of 20-year aged "KC" cell models (see
Table 1 below).

TABLE 1: "KC" SEISMIC TEST CELLS

WGT LGT WIDTH HGT LINEAR 3 HR JAR
CELL TYPE AGED? QTY LBS IN. IN. IN. WT/IN. AMP-HR MATL

(WYLE Test No. 43291-1)

KC-19 20 YR 2 143 8.53 10.44 18.25 16.67 586 PC

KCY-23 No 3 156 8.53 10.44 18.25 18.29 624 PC

KCY-25 No 3 165 8.53 10.44 18.25 19.34 675 PC

(WYLE Test No. 44466-1)

KC-9 20 YR 3 73 4.63 10.44 18.25 15.77 260 PC

KC-13 20 YR 2 97 5.59 10.44 18.25 17.35 390 PC

KC-17 20 YR 2 134 8.53 10.44 18.25 15.71 521 PC

KC-21 20 YR 3 152 8.53 10.44 18.25 17.82 650 PC

Wyle Labs conducted the type testing per IEEE Stds 323-1974 and 344-1975. C&D conducted the electrical

testing per IEEE Std 450-1975.



Code Update IEEE Std 535-1979

C&D's type testing was carried out per the qualification procedures set forth in IEEE Std 535-1979 with two
minor deviations, but they do not invalidate the qualification of C&D's "KC" model cells. Justification of these

deviations is provided below.

(a) Section 8.3.1.1 (1), and 8.3.1.4 of IEEE-535 requires pre-seismic and post-seismic capacity tests be

performed at the cells' 3 hour discharge rate to 1.75 average volts per cell. The test cells from all the

qualification programs were tested at I hour and 4 hour rates. This test envelopes the requirement of
IEEE-535 because the 4 hour test exceeds the 3 hour test depth of discharge, and the one hour test

exceeds the discharge current of a 3 hour test. These tests stressed the cells' electrochemical efficiency,
or the conductivity of current carrying members to a greater extent than a 3-hour test. Alternatively,*

IEEE Std 535-1979 (para 8.3.1.1 (1)) allows the discharge test performed after the aging portion of the

test to be substituted for the pre-seismic capacity test.

(b) Section 8.3.1.1 (2) of IEEE-535 requires a fixed discharge load during seismic testing of
approximately 2% of the battery's 3 hour discharge rate. However, the Standard also allows a higher

discharge current to be used. The load on the "KC" type test batteries was 20 amps which is greater

than 2% of the 3 hour rate for the largest "KC" cell employed in the test. The discharge rate of 20 amps
used during the seismic qualification exceeds the requirements of IEEE Std 535-1979.

Code Updates IEEE Std 535-1986

There were minimal changes made to IEEE Std 535-1979 in the 1986 release. Most of the changes involved

updating IEEE Std 323 references from 1974 to 1983 editions and IEEE Std 450 from 1975 to 1980 version. The
other significant changes were allowing individual components to be replaced during the aging procedures (para
8.2) and the specification of 50-100mV positive plate potentials (para 8.2.2) during artificial aging. C&D

adhered to the 50-100mV positive plate potentials during the aging of our original qualification cells and was
integral to the incorporation of this requirement, and the replacement of individual components clause, into the

1986 code revision.

Referenced within the IEEE Std 535-1986 code was IEEE Std 323-1983 and IEEE Std 450-1980. The changes
incorporated within IEEE Std 323-1983 were made to clarify its requirements and imposed no additional
requirements for qualifying Class 1E equipment. The changes incorporated into IEEE Std 450-1980 were also

minimal in their effect to our type testing. The changes were primarily related to correction factors and

determining battery capacity. C&D conducted all baseline, pre-seismic, and post-seismic testing in an identical

manner for the duration of the type test to accurately reflect any capacity losses. While IEEE Std 450 is

referenced within the IEEE Std 535 documents, it has no impact on the actual Class 1E qualification.



Code Updates IEEE Std 535-2006

There were minimal changes made to IEEE Std 535-1986 in the 2006 release. Most of the changes involved

updating IEEE Std 323 references from 1983 to 2003, IEEE Std 344 from 1975 to 2005, and IEEE Std 450 from

1980 to the 2002 version.

Several sections were slightly rewritten to add additional clarity but overall qualification requirements remained
unchanged. Some of the additional requirements that were added included:

* Sect 4: Inclusion of 1.25 aging factor per IEEE Std 485-1997 and requirement that each jar size must be
tested

* Sect 5.4 c): Added entire section regarding extension of qualified life (not applicable to C&D qualification
reports)

* Sect 8.2.2: Changed recommended discharge from 3h rate to 1.75vpc to 2h with allowance for 2-4h
discharge rate. However, para 8.3.1.1 (a) allows the discharge test performed after aging portion of test

to be substituted for pre-seismic capacity test. Once again, C&D tested at the lh and 4h rates which

envelope the requirements of this section.

Referenced within the IEEE Std 535-2006 code was IEEE Std 323-2003, IEEE 344-2004, and IEEE Std 450-2002.
The changes incorporated within IEEE Std 323-2003 that could impact battery and rack qualification included

elimination of the need for qualified life in mild environments for equipment with no significant aging
mechanisms, updated test margin values, and the elimination of radiation testing for mild environments. The

issue of margin incorporation is addressed within the individual Seismic and Environmental reports prepared for

each plant.

IEEE Std 535-2006 updates the reference of IEEE Std 344 from 1975 to 2005 (issue date, but code title is 2004).
The code revisions to IEEE Std 535 never included a reference to the IEEE Std 344 issued in 1987. Both the IEEE
Std 344-1987 and 2004 releases were developed to expand and clarify and did not include any additional

qualification requirements.

The changes incorporated into IEEE Std 450-2002 were also minimal in their effect to our type testing. The

changes were primarily related to correction factors and determining battery capacity. C&D conducted all

baseline, pre-seismic, and post-seismic testing in an identical manner for the duration of the type test to

accurately reflect any capacity losses. While IEEE Std 450 is referenced within the IEEE Std 535 documents, it

has no impact on the actual Class 1E qualification.

Summary

The original type testing completed in the 1970's is still valid, and directly applicable, as the basis of Class 1E
qualifications per any version of IEEE Std 535 for the years 1979 through 2006. Additionally, the code changes
implemented to IEEE Stds 323, 344, and 450 since the 1970's were made to increase the qualification options

and had no impact on the type testing previously conducted by C&D.

Dirt Peim t e
Director, Product Development


